ABSTRACT:
Introduction
Maize is an important cereal crop that provides staple food to large number of human population in the world. It occupies third position in production next to wheat and rice in the world [1] . Now maize is one of the most important food grains in the world as well as in developing countries. Maize seeds contain about 80% starch, 10% proteins, 4.5% oil, 3.5% fiber and 2 % minerals [2] . In the developed countries, about 90% of maize is used for animal feed and other for industrial by-products. Unlike in the developed countries, the same percentage (80 to 90%) of maize is used as food in the world [3] . In Bangladesh, the cultivation of maize has been gaining popularity in recent years. It is now becoming an important cereal crop for its higher productivity and diversity of use. The agro-climatic condition of Bangladesh is favorable for its cultivation round the year. However, the average yield of maize in the country is considerably low. The national average yield is only 5.33 t ha -1 [4] , whereas the newly released varieties have the potential to produce more than 8.0 t ha -1 . Low soil organic matter content is the main cause of low productivity, and it is considered as one of the most serious threats to the sustainability of agriculture in Bangladesh. Most soils have less than 1.7 % and some soils have less than 1.0 % organic matter. Composting is considered as a traditional way of returning organic matter to the soil. It is believed that adding considerable quantities of compost to agricultural land will reverse the trend of soil organic matter reduction [5] . Bio waste and vegetable compost application can increase plant available P, K [6, 7] and Mg [8] levels of soils. Influence of compost on nutritional composition of shoots and grains of amaranths was reported by Oworu et al. [9] . The rate of nutrient uptake by amaranths was directly proportional to the quantity of the applied compost.
Poultry manure has been recognized as a valuable source of plant nutrients for crops. Madhavi and Reddy [10] opined that poultry manure is a potential source of plant nutrients like nitrogen (0.84 to 1.21%) phosphorus (0.91 to 1.07%) and potassium (1.35 to 2.35%). Poultry manure application registered over 53% increases of N level in the soil, from 0.09% to 0.14% and exchangeable cations increase with manure application [11] . In agriculture, the main reasons for applying poultry manure include the organic amendment of the soil and the provision of nutrients to crops [12] . An experiment conducted by Amanullah et al. [13] indicated that application of poultry manure registered higher uptake of NPK than control in cassava. Higher uptake of nutrients due to composted poultry manure either alone or with FYM might be due to increased availability of nutrients. Faiyard et al. [14] recorded an increase in N, P, K, Fe, Mn and Cu contents in faba beans due to application of poultry manure in comparison with FYM. Application of poultry manure +FYM was found to increase the availability in soil and subsequently the nutrient uptake in maize [15] . Protein content of mustard was increased by 12.59% over control with poultry manure application at 20 t ha -1 [16] . Balance fertilization using both organic and chemical fertilizers is important for maintenance of soil organic matter (OM) content and long term soil productivity in the tropics where OM content is low. A balanced and integrated use of organic and inorganic nutrient sources may help sustain crop production. The integrated use of organic nutrient sources with inorganic fertilizer was shown to increase the potential of organic fertilizer [17] and to improve the efficiency of inorganic fertilizer The availability of soil N is enhanced by addition of manures, presumably due to chelation of cations by organic acids and other decay products [18] . Application of organic manure in combination with chemical fertilizer has been reported to increase absorption of N, P, and K in sugarcane leaf tissue in the plant and ratoon crop, compared to chemical fertilizer alone [19] . Adekayode [20] found that wood ash, goat and poultry manures increased fat, protein and reduced carbohydrate in amaranths. While continuous use of fertilizers creates potential polluting effect in the environment [21] and chemical fertilizers consume a large amount of energy and money. However, an organic farming with or without chemical fertilizers seems to be possible solution for these situations [22, 23] . Keeping in view the above facts, the present study was therefore, designed to examine the effect of household waste compost, poultry manures and inorganic fertilizer alone and their different combination on the mineral nutrition and quality of maize.
II. Materials And Methods

1. Field Experiment
A field experiment was conducted to study the effects of organic and inorganic fertilizers on the mineral nutrition and quality of Maize (Zea mays L.) during Rabi season in 2010-2011 at the Crop Field of the Department of Soil Science, University of Chittagong. For the study, poultry manure was obtained from nearby poultry farms. Separately compost was prepared from household wastes collected from some of the University Halls. Thirty experimental plots (2.2 m x 2.2 m) separated by 0.5 m margins were prepared in three adjacent blocks in the crop field. There were ten plots in each block for the ten treatment combinations comprising of poultry manure (PM), household waste compost and inorganic fertilizers-T1(Control), T2 (NPK alone @ 120 kg N ha , 45 kg P ha -1 and 60 kg K ha -1 +7.5 t ha -1 PM). The treatments were arranged according to a randomized complete block design. Nitrogen in the form of urea was applied in 3 splits. One-third of nitrogen fertilizer (i.e. urea) was applied as basal dose before sowing, the 2 nd dose was given after one month of sowing and the third installment was given at the flowering stage. Phosphorus and potassium fertilizers were also applied as basal. All of poultry manure and kitchen composts were applied basal at the final stage of soil preparation.
Maize variety Hybrid Corn seed 984 Gold (984 F-1 Hybrid Thailand) was used in the experiment. The seeds were sown in lines 75 cm apart with seed to seed distance of 25 cm. In each point two seeds were sown. Seeds were sown at a depth of 2.5 cm below surface. Seedlings emerged after 6 to 7 days after sowing. One healthy seedling was retained in each point. There were finally eighteen plants in each plot. Irrigation was applied as and when necessary. The experimental plot was kept free of weeds by regular weeding. To control the pests and diseases, necessary plant protection measures including manual collection and destruction of Helicoverpa armigera larvae were done i.e. by using forceps, removal of infected plants leaf with knife also taken as and when required. The fruits were harvested when they were fully mature and turned to deep yellow colour after about four months.
Determination of soil properties
Soil texture was determined by hydrometer method [24] , pH in a 1:2.5 soil/water suspension with glass electrode pH meter, organic carbon by wet-oxidation method [25] 
3. Determination mineral nutrition and quality of maize
Oven dried (65 0 C to constant weight) and ground plant samples were digested with a mixture of H 2 SO 4 , H 2 O 2 and lithium sulfate for the determination of N, P, K, Ca and Mg in the plant tissues [28] (Allen et al. 1986 ). The concentrations of Ca and Mg in the digest were measured by atomic absorption spectrophotometer (Varian nov AA). Micro-Kjeldahl method as described by Jackson [27] was used for the determination of nitrogen. Phosphorus was determined by vanadomolybdo phosphoric yellow colour method in nitric acid system according to Jackson [27] . Potassium was measured by flame photometer. Protein content of plant materials was obtained by multiplying the nitrogen value by 6.25. Total soluble sugars, reducing sugar and non-reducing sugar were determined as described by Shahnawaz et al. [29] .
4. Statistical analysis
The significance of differences between the means of the treatments was evaluated by one way analysis of variance followed by Duncan's Multiple Range Test at the significance level of 5%. The statistical software Excel [30] and SPSS version 12 [31] were used for these analyses.
III. RESULTS
1. Mineral nutrient concentration 1. 1. Nitrogen concentration
Nitrogen concentration varied significantly from 1.02 (T1) to 1.51% (T7-poultry manure alone) in shoot and 0.20 to 0.75% in root at 30 DAS in the same treatments (Table 1) . In shoot at 30 DAS treatment T2 (NPK alone) and T3 (compost alone) had no significant difference with control treatment T1. Different combinations of NPK fertilizer and compost except T4 also show similar result compared with T1 treatment. At 30 DAS treatments T2 and T3 showed higher concentrations of N than treatment T1 in roots. Treatment T4, T5 and T6 are significantly different from control treatment but statistically similar with each other. By increasing the proportion of inorganic fertilizer combined with decreasing amount of poultry manure as in treatments T8 , T9 and T10 concentration of N in maize shoot and root was reduced compared with the T7 treatment (poultry manure alone).
At maturity, nitrogen concentration in shoot ranged from 0.76 to 1.16 %. The treatments T2, T5, T7, T8 and T9 are statistically similar with each other but are significantly higher than treatment T10 that contained the lowest N concentration. The treatment T1 and T4 contained medium concentration of N compared with other treatments. The highest concentration of N in root was found in treatment T6 and the lowest was in treatment T1. Significantly higher values were found in treatment T2, T3 and T5 compared with the control treatment. Though different types of fertilizer combinations were used with poultry manure but there were no significant differences among treatments T7, T8, T9 and T10 compared with control treatment. Nitrogen concentration in grain at maturity ranged from 0.74 (T8) to 1.17 % (T2). Treatment T1, T3, T5, T6, T7, T9 and T10 were statistically similar with the control. Treatments T2 andT4 increased the N concentration. 
1. 2. Phosphorus concentration
The concentration of P ranged significantly from 0.21 to 0.54% and 0.21 to 0.38% in shoot and root respectively at 30 DAS (Table 2 ). At maturity, P concentration in shoot, root and grain varied from 0.19 to 0.30 %, 0.18 to 0.30 % to 0.35 and 0.57 % respectively. The highest concentration of P in shoots and roots at 30 DAS and in shoot, root and grain at maturity was found with T7 (Poultry manure alone) treatment. The lowest concentration of phosphorus in shoots and roots at both the stages and in grain at harvest was found with T1 treatment.
The concentrations of P in shoot at 30 DAS in treatment T2, T3, T8, T9 and T10 are significantly higher compared with control treatment T1. Different proportion of inorganic fertilizer combined with compost showed statistically similar P concentration in shoot at 30 DAS in treatment T4, T5 and T6. In root at 30 DAS, P concentration in treatment T2 and T10 did not show any significant difference compared with control (T1) treatment. Treatment T3, T4 and T6 are statistically similar and these treatments showed significant differences compared with control treatment T1. Phosphorus concentration in treatment T5 and T8 were found significantly higher than the control.
Different treatments of compost in combination with inorganic fertilizers obtained higher P concentrations in shoot and root at maturity compared with control treatment. Similar results were found with poultry manure and inorganic fertilizer combinations in shoot and grain at maturity. The treatments T2 and T10 did not differ significantly in P concentration in root at maturity from control T1. In grain at maturity P concentration in T4, T5 and T6 did not show any significant difference compared with control (T1) treatment. Application of increasing proportion of NPK with decreasing poultry manure in combination significantly decreased P concentration in root at maturity and showed relatively lower concentration of P in root at 30 DAS and in shoot and grain at maturity compared with poultry manure alone (T7). 
1. Potassium concentration
At 30 DAS potassium concentration in shoot ranged from 1.29 (T5) to 2.38 % (T7) ( Table 3 ). The treatments T5 and T10 gave similar K concentration to the control. The treatments T2, T3, T4, T6, T8, and T9 were statistically similar to treatment T7 where poultry manure alone were added. Thus, most fertilizer combinations increased K concentration in shoot to the same extent. Increasing the proportion of inorganic fertilizer combined with decreasing amount of poultry manure represents the lower concentration of K in comparison with the treatment T7 in maize shoot. Potassium concentration in root at 30 DAS varied from 1.94 (Control) to 2.54 % (poultry manure alone). NPK alone (T2) and compost alone (T3) had no significant differences in K concentration compared with the control. Concentration of K in root regularly decreased with increasing proportion of NPK fertilizer combined with decreasing proportion of poultry manure in treatment T8, T9 and T10. Increasing proportion of NPK with decreasing proportion of compost had negative affects on K concentration in T4, T5 and T6 compared with T7 treatment.
Potassium concentration in shoot at maturity ranged from 0.66 (Control) to 2.17 % (Poultry manure alone) and in root from 1.64 to 2.35 in the same treatments. Application of NPK fertilizer alone (T2) significantly increased the concentration of K in shoot compared with control treatment. In treatment T2 similar amount of K to control was present in root. Though different combinations of inorganic fertilizers and compost were given in treatments T4, T5, and T6 but there were no significant differences of K in shoot and root as compared with T3 where compost alone was applied, but all of these treatments significantly differed from control treatment. Different combination of NPK fertilizers with poultry manure showed significantly different K with control in shoot and root but they were similar with treatment T7 where full poultry manure was applied. In grain K concentration varied from 0.42 (Control) to 0.97 % (Poultry manure alone) at maturity. Application of NPK fertilizer alone, compost alone and 75 % NPK+25 % poultry manure in treatment T2, T3 and in T10 increased concentration of K significantly compared with control. Amount of K decreased gradually in treatment T4, T5 and T6 where increasing proportion of synthetic fertilizer combined with decreasing proportion of compost were arranged compared with treatment T7. Mostly higher concentrations of K were observed in treatments T8 and T9 compared with the highest level of K that was found in T7 treatment.
1. 4. Calcium concentration
Calcium concentration in shoot of maize varied from 0.20 (control) to 0.32 % (T4 and T5) at 30 DAS (Table 4) . Treatments T2 (compost alone), T8, T9 and T10 showed similar concentration of Ca and no significant difference was found compared with control. Compost alone (T3) and poultry manure alone (T7) contained higher amounts of Ca than that of control treatment. Decreasing trend of Ca concentration was found in treatment T8, T9 and T10 compared with treatment T7.
The highest concentration of Ca at 30 DAS in root was found to be 0.27 % in the treatment T4 whereas, the lowest was found in the control (0.16 %; T1) treatment. The second highest concentration was found in treatments T3 (0.24 %), T5 (0.25 %) and T8 (0.25 %) which significantly differed from the control. Same amount of Ca concentration had been found in T6 (0.22 %) and T7 (0.22 %) treatments. Treatments T9 (0.19 %) and T10 (0.20 %) produced significant difference from control though these treatments were statistically similar with each other. At maturity Ca concentration ranged from 0.24 (T1; control) to 0.39% (T4) in shoot. Treatments T2, T7, T8, T9 and T10 represented similar values and were not significant compared with control treatment. Treatments T3 and T5 showed the same concentration of Ca but significantly different from control treatment. Treatment T6 increased the Ca concentration in shoot compared with control treatment T1.
At maturity, root of maize contained Ca concentration from 0.18 (Control; T1) to 0.36 % (T5). Although Ca value was increased in treatment T2, it was not significantly different from treatment T1.
Comparing the values with control treatment positive significant differences were found in treatments T3, T6, T7, T9 and T10 . Grain Ca concentration varied from 0.02 (control) to 0.05 % (25% NPK+ 75% Compost). Values for the treatments T2, T3, T5, T7, T8, and T9 respectively were similar but the treatments were significantly different from the control. The treatment T6 and T10 performed similarly to treatment T1.
1. 5. Magnesium concentration
At 30 DAS shoot Mg concentration ranged from 0.13 (control) to 0.19% (Poultry manure alone) ( Table 5) . Although increasing the proportion of inorganic fertilizer combined with decreasing proportion of poultry manure in treatments T8, T9 and T10 had statistically similar values, but these treatments were significantly different from treatment T1. Application of NPK fertilizer alone (T2) and fertilizer combinations with compost in treatments T4, T5, T6 showed no significant difference compared with control treatment T1. Magnesium concentration in root at 30 DAS ranged from 0.10 (Control) to 0.14% (Poultry manure). But different amendments of organic and inorganic fertilizers showed no significant difference among all treatments. At 30 DAS there had no significant effect of fertilizers on Mg concentration in maize. In shoot of maize, magnesium concentration at maturity varied from 0.14 (T1; Control) to 0.24% (T7; Poultry manure alone). The values of Mg concentration in treatment T2, T3, T4 and T5 varied significantly with control treatment T1. Magnesium value in treatment T6 was statistically similar with the control treatment T1. The treatment T8, T9 and T10 varied from control treatment T1.
The highest magnesium concentration in root was found in Treatment T7 where poultry manure alone was applied, and the lowest value was found in control treatment T1. In different treatments T2, T3 and T4 Mg concentration significantly varied from treatment T1. Treatment T5 and T6 were statistically similar with control. By the different combinations of inorganic fertilizers with poultry manure data showed that treatments T8, T9 and T10 were significantly different from the control.
Magnesium concentration in grain at maturity ranged from 0.04 (control) to 0.06% (Poultry manure alone. Although different amendments of organic, inorganic fertilizers showed similar value in T2, T3, T4, T5, T6, T8, T9 and T10 treatments but these treatments were significantly different from control treatment.
2. Sugar and protein content in maize grain 2. 1. Sugar content
Results on sugar and protein contents of maize grain grown under different fertilizer treatments are presented in Table 6 . Reducing sugar content ranged from 4.00 (control) to 5.33 % (25% NPK+ 75% poultry manure), respectively. Although reducing sugar in grains of maize in plots receiving fertilizers had higher values of reducing sugars, there was no significant difference among fertilizer treatments and from control.
Non-reducing sugar content varied from 19.00 (control) to 23.33 % (25% NPK+ 75% compost). There was also no significant variation in non-reducing sugar content among the treatments.
Total soluble sugar content in maize grain varied from 23.00 (control) to 28.67 % (25% NPK+ 75% compost). In treatment T5 (50% NPK+ 50% compost) and T6 (75% NPK + 25% compost) total soluble sugar content were the same (24.33 %) in amount. Although treatments T2 (26.33 %), T3 (27.67 %), T7 (26.00 %), T8 (28.00 %), T9 (27.33 %) and T10 (24.00 %) gave different values of total soluble sugar but these values were not significantly different from the control. 
2. 2. Crude protein content
The highest value of crude protein was found in treatment T4 (10.08 %) where 25% NPK+ 75% compost were applied and the lowest value was found in treatment T6 (4.77 %) which was treated with 75% NPK + 25% compost. The second highest value (8.98 %) was obtained by the addition of 25% NPK+ 75% poultry manure (T8). Similar protein contents were observed in treatments T1 (4.85 %), T3 (4.94 %), T7 (5.02 5) and T10 (5.19 %) and these were not statistically different from the lowest value of treatment T6. Application of NPK fertilizer alone (T2), 50% NPK+ 50% compost (T5 ) and 50% NPK+ 50% poultry manure (T9) gave significantly different protein content in maize grain from treatment T4 and T6.
IV. Discussion
1. Mineral nutrient concentration
Status of nutrition of maize was evaluated from the concentrations of some major nutrient elements in maize shoot, root and grains. The elements were nitrogen, phosphorus, potassium, calcium and magnesium. The concentrations of the corresponding elements in young maize shoot varied from 1.02-1.51%, 0.21-0.54%, 1.29-2.38%, 0.20-0.32% and 0.13-0.19%. The seedlings were vigorously growing then and these concentrations should well reflect their state of nutrition. Comparable values of these nutrients were earlier reported in maize shoot by many investigators. For example, Muhammad and Khattak [32] observed 0.64 to 0.80% N, 0.11 to 0.18% P and 1.62 to 2.35% K in shoot of maize plants grown with press mud in saline soils. Much higher concentrations of K (2.0 to 4.7%) and P (0.47 to 0.82%) in shoot of maize were reported by Aziz et al. [33] . They used farmyard manure, poultry manure and press mud as amendments. Higher values were obtained with press mud and the lower values with farmyard manures. Poultry manure gave intermediate values. They further mentioned that potassium concentration in shoots was significantly more in plants grown with either source of organic manure than in plants grown without organic manure addition. Maximum increase in shoot K concentration was observed when press mud was added at the rate of 10 tons ha -1 followed by poultry manure and farm yard manure. The increase in K concentration, because of added organic matter may be attributed to K concentration of organic matter and improved root growth. Better root growth is responsible increased nutrient uptake in plants [34] . The uptake of nutrients and their distribution to different parts of the maize plants have been found to vary primarily with the fertility of the native soil, application of chemical fertilizers, the growth stage of the plant and the environmental conditions [35] . Several workers found that fertilization with nitrogen increased the concentration of nitrogen and phosphorus in plant tissue [36] as well as increasing potassium concentration in the plant [37] .
Bruns et al. [38] conducted an experiment on the effects of variable fertility treatments on the yield and nutrition of maize. They observed that increased N fertility increased N in mature grains. This increase combined with the increase in grain yield per plant due to increased N fertility resulted in significantly more total N per plant in the grain at N fertility levels above 179 kg N ha -1 . Both N and K fertility treatments had no effect on P content except in stover, where a significant increase in P content was observed with increasing levels of K fertility. Kurtz and Smith [39] reported that increases in N fertility generally increased protein content in maize grain, which will be the primary form of N found in the tissue. These data showed that maize crops increased their overall uptake of K when additional K fertilizer was applied, but that rates above 45 kg K ha -1 may not be economically beneficial to the maize.
2. Sugar and protein contents in maize grain
Reducing sugar, non-reducing sugar and total soluble sugar contents in grains varied within the ranges of 4.00-5.33%, 19.00-23.33%, and 23.00-28.67%, respectively. There was little difference in sugar contents among the treatments, although a relatively higher sugar was obtained with full compost treatment. Crude protein in grains varied from 4.77 to 10.08%. The control and T6 (75% NPK + 25% Compost) had given the minimum value and T4 ( compost alone) gave the highest value. Arun Kumar et al. [40] found the grains to have a reducing sugar level of 2.3-3.2%. Considerably higher reducing sugar content was found in the present study. This may be due to difference in the variety. Tabeke et al. [41] observed that although growth of maize was accelerated with compost there was little difference in sugar content whether the N source was compost or chemical fertilizer. Arun Kumar et al. [40] observed a variation of non-reducing sugar content from 17.01 % in to 24.38 %. They used different proportion of recommended doses of N and P (RDN and RDP, respectively) . The treatments in which only 50% of RDN, irrespective of P and K levels was applied accounted for significantly lower non-reducing sugar content in grain. Decreasing P level resulted in lower content of sugar indicating importance of P nutrition in enhancing sugar content. Thus, application of 100% RDP along with either 75% of RDN or 100% RDN of grain maize increased reducing sugar, non-reducing sugar and total sugar. The non-reducing sugar and total sugar content of maize grains in the present study corroborate well with ranges reported by Arun Kumar et al. [40] .
Almodares et al. [42] obtained 8% protein in maize grains grown with 200 kg ha -1 urea treatment. Naserirad et al. [43] observed 9.44 to 11.05% protein in grains of different varieties of maize. These values are in well agreement with the values of the present study. In the study of Arun Kumar et al. [40] , the per cent protein content varied widely among the treatments from the lowest content of 8.80 % to the highest of 10.32 %. The treatments which received 100 % of RDN irrespective of P and K levels recorded higher protein content. This might be due to increased availability of nitrogen and its uptake and storage in grain. Nitrogen being the essential constituent that makes up to 16% by weight of protein is found to influence the protein content, if it is available in abundance [44] . The importance of nitrogen nutrition in protein content of maize was studied by many investigators. For example, Thomas et al. [45] reported that when N was sufficient protein content was 55%, but when N was deficient the value changed to 25%. Protein content did not increase significantly with the addition of 40 kg N ha -1 , but increased with higher levels of N to 160 kg ha -1 [46] .
V. Conclusion
Poultry manure provided the highest nitrogen and other nutrients which have contributed to the improvement in quality of maize. However, the compost prepared from the household wastes also gave satisfactory mineral nutrition.
